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Abstract
Objective:  To  analyze  the  predictive  capacity  of  the  vertical  segmental  tetrapolar
bioimpedance  apparatus  in  the  detection  of  excess  weight  in  adolescents,  using  tetrapolar
bioelectrical  impedance  as  a  reference.
Methods:  This  was  a  cross-sectional  study  conducted  with  411  students  aged  between  10  and
14 years,  of  both  genders,  enrolled  in  public  and  private  schools,  selected  by  a  simple  and  strat-
iﬁed random  sampling  process  according  to  the  gender,  age,  and  proportion  in  each  institution.
The sample  was  evaluated  by  the  anthropometric  method  and  underwent  a  body  composition
analysis using  vertical  bipolar,  horizontal  tetrapolar,  and  vertical  segmental  tetrapolar  assess-
ment. The  ROC  curve  was  constructed  based  on  calculations  of  sensitivity  and  speciﬁcity  for
each point  of  the  different  possible  measurements  of  body  fat.  The  statistical  analysis  used  Stu-
dent’s t-test,  Pearson’s  correlation  coefﬁcient,  and  McNemar’s  chi-squared  test.  Subsequently,
the variables  were  interpreted  using  SPSS  software,  version  17.0.
Results:  Of  the  total  sample,  53.7%  were  girls  and  46.3%,  boys.  Of  the  total,  20%  and  12.5%
had overweight  and  obesity,  respectively.  The  body  segment  measurement  charts  showed  high
values of  sensitivity  and  speciﬁcity  and  high  areas  under  the  ROC  curve,  ranging  from  0.83  to
0.95 for  girls  and  0.92  to  0.98  for  boys,  suggesting  a  slightly  higher  performance  for  the  male
gender. Body  fat  percentage  was  the  most  efﬁcient  criterion  to  detect  overweight,  while  the
trunk segmental  fat  was  the  least  accurate  indicator.
Conclusion:  The  apparatus  demonstrated  good  performance  to  predict  excess  weight.
© 2015  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
 Please cite this article as: Neves FS, Leandro DA, Silva FA, Netto MP, Oliveira RM, Cândido AP. Evaluation of the predictive capacity of
vertical segmental tetrapolar bioimpedance for excess weight detection in adolescents. J Pediatr (Rio J). 2015;91:551--9.
∗ Corresponding author.
E-mail: anapaula.candido@ufjf.edu.br (A.P.C. Cândido).
http://dx.doi.org/10.1016/j.jped.2015.01.006
0021-7557/© 2015 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. All rights reserved.
552  Neves  FS  et  al.
PALAVRAS-CHAVE
Saúde  do
adolescente;
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Impedância  elétrica;
Obesidade
Avaliac¸ão  da  capacidade  preditiva  da  bioimpedância  tetrapolar  segmentada  vertical
na  detecc¸ão  do  excesso  de  peso  em  adolescentes
Resumo
Objetivo:  analisar  a  capacidade  preditiva  da  bioimpedância  tetrapolar  segmentada  vertical  na
detecc¸ão do  excesso  de  peso  em  adolescentes,  utilizando  a  bioimpedância  tetrapolar  horizontal
como referência.
Métodos:  estudo  transversal  realizado  com  411  alunos  de  10  a  14  anos,  de  ambos  os  sexos,
matriculados  em  escolas  públicas  e  privadas,  selecionados  por  processo  amostral  aleatório  sim-
ples e  estratiﬁcados  de  acordo  com  sexo,  idade  e  proporc¸ão  em  cada  instituic¸ão.  Foi  realizada
avaliac¸ão antropométrica  e  analisada  a  composic¸ão  corporal  através  das  bioimpedâncias  bipolar
vertical, tetrapolar  horizontal  e  tetrapolar  segmentada  vertical.  Foram  construídas  as  curvas
ROC com  base  nos  cálculos  de  sensibilidade/especiﬁcidade  para  cada  ponto  das  diferentes
medic¸ões possíveis  de  gordura  corporal  do  equipamento  em  questão.  Posteriormente,  foram
executados  os  seguintes  testes  estatíticos:  T  de  Student,  correlac¸ão  de  Pearson  e  qui-quadrado
de McNemar.  Para  a  interpretac¸ão  das  variáveis,  utilizou-se  o  software  SPSS  17.0.
Resultados:  a  amostra  foi  composta  por  53,7%  meninas  e  46,3%  meninos.  Do  total,  20%  e  12,5%
exibiram,  respectivamente,  sobrepeso  e  obesidade.  Os  gráﬁcos  das  medidas  dos  segmentos
corporais reﬂetiram-se  em  altos  valores  de  sensibilidade  e  especiﬁcidade,  além  de  elevadas
áreas sob  a  curva  ROC,  que  variaram  de  0,83  a  0,95  para  meninas  e  de  0,92  a  0,98  para  meninos,
sugerindo um  desempenho  levemente  superior  para  o  sexo  masculino.  O  percentual  de  gordura
total foi  apontado  como  o  critério  mais  eﬁciente  do  equipamento  para  a  detecc¸ão  do  excesso  de
peso, enquanto  a  gordura  segmentar  do  tronco  apresentou-se  como  um  indicador  de  precisão
inferior.
Conclusão:  o  aparelho  comportou-se  satisfatoriamente  na  predic¸ão  do  excesso  de  peso.
© 2015  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os  direitos
reservados.
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ccording  to  data  from  the  World  Health  Organization
WHO),  the  current  prevalence  of  excess  weight  among
eveloping  countries,  particularly  in  urban  societies,  is
lready  as  high  as  that  of  developed  countries.1 Physical
nactivity  and  the  continuing  practice  of  inadequate  diet
tand  out  as  the  possible  reasons  for  the  increase  in  these
iseases.2 Additionally,  there  are  strong  indications  that
hronic  and  metabolic  diseases  of  adulthood  begin  in  child-
ood,  increasing  the  necessity  of  clinical  monitoring  and
utritional  surveillance  for  adequate  assessment  of  health
tatus.3--5
When  deﬁning  the  methods  for  determining  nutritional
tatus,  preference  should  be  given  to  those  that  better
etect  alterations  that  need  to  be  corrected  in  the  study
opulation.6--8 It  is  also  important  to  consider  the  ﬁnancial
esources  involved,  the  time  and  the  skill  level  required
o  perform  them,  and  the  receptivity  of  the  individuals
o  assessment  and  the  possible  risks  associated  with  the
ethodological  processes,  such  as  radiation  exposure.9,10
The  use  of  laboratory  procedures  provides  very  accurate
stimates  of  fat  and  fat-free  mass  components.9 However,
ecause  of  the  high  cost  of  equipment,  the  methodological
ophistication,  and  the  difﬁculties  involved  in  enrolling  the
ssessed  individuals  into  the  measurement  protocols,  their
pplications  have  been  limited.10,11 Doubly  indirect  tech-
iques,  among  them  bioimpedance  and  anthropometry,  are
ess  stringent,  but  show  better  practical  performance  and
2
1
m
power  cost,  allowing  them  to  be  used  in  both  ﬁeld  research
nd  clinical  studies.11,12
Although  the  measurement  of  body  mass  index,  skin  fold
hickness,  and  perimeters  --  waist  circumference,  conicity
ndex,  and  waist/hip  and  waist/height  ratios  --  are  usu-
lly  among  the  most  widely  used  methods  for  determining
he  body  composition  of  adolescents,  both  in  population
nd  individual  nutritional  assessment  studies,  it  is  notewor-
hy  that  the  alternative  methods  of  vertical  bioimpedance
ecame  the  most  modern,  practical,  and  inexpensive.9--12
n  contrast,  the  real  efﬁciency  and  reliability  of  the  data
btained  through  these  currently  available  devices  have
een  poorly  explored.13
Thus,  this  study  aims  to  analyze,  in  a  sample  of
dolescents,  the  predictive  capacity  of  a  vertical  segmen-
al  tetrapolar  bioimpedance  device  for  detecting  excess
eight,  using  the  horizontal  tetrapolar  bioimpedance
ethod  as  a  reference.
ethods
opulation  and  study  design
 cross-sectional  epidemiological  study  was  carried  out  in
012  with  a  representative  sample  of  adolescents  --  aged
0--14  years  old  --  of  both  genders,  enrolled  in  public  ele-
entary  municipal,  state,  and  federal  schools,  as  well  as
rivate  schools  in  the  urban  area  of  the  municipality  of  Juiz
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de  Fora,  state  of  Minas  Gerais,  Brazil.  Students  with  spe-
cial  needs  from  the  Associac¸ão  de  Pais  e  Amigos  dos  Alunos
Excepcionais  (APAE)  were  not  included  in  the  sample.
Sample  calculation  and  selection  process
Sample  size  calculation  was  based  on  the  following  criteria:
levels  of  accuracy  and  signiﬁcance,  respectively,  of  2%  and
5%;  prevalence  of  8%14 obesity  in  the  assessed  age  group,
and  20%  of  losses  due  to  absences  of  students  on  data  col-
lection  days  or  refusals  to  participate  (lack  of  consent  from
the  student  or  parent/guardian).
The  student  selection  process  followed  this  order:  ﬁrst
phase  (cluster  sampling)  -- public  and  private  institutions
were  randomly  chosen  in  each  region  of  the  municipality;
second  phase  (stratiﬁed  proportional  sampling)  --  the  num-
ber  of  individuals  per  grade  was  deﬁned  as  proportional  to
the  total  number  of  students  in  each  class;  third  phase  (sim-
ple  random  sampling)  --  the  separation  of  students  per  school
unit  and  grade  followed  a  random  drawing  until  the  required
number  was  achieved.
Anthropometric  assessment  and  body  composition
measures
A  team  of  trained  research  assistants  (C.F.G.,  I.M.O.,
M.S.P.,  R.F.L.,  S.M.C.,  V.S.F.)  performed  the  anthropo-
metric  assessment  and  conducted  the  body  composition
data  measurements  using  vertical  bipolar,  vertical  and
horizontal  segmental  tetrapolar,  and  horizontal  tetrapolar
bioimpedance  analysis.
The  nutritional  status  of  the  adolescents  was  determined
by  body  mass  index  for  age.  Weight  was  measured  using  a
Tanita  Ironman® (BC-553  model,  Tanita®,  UK)  device  capable
of  measuring  bipolar  impedance,  with  a  maximum  capac-
ity  of  136  kg;  height  was  measured  using  an  Alturexata®
ﬁeld  stadiometer  (Alturexata®,  MG,  Brazil)  with  a  scale  in
centimeters  and  accuracy  of  1  mm.  Waist  circumference
--  measured  at  the  midpoint  between  the  iliac  crest  and
the  last  rib  --  was  obtained  by  using  a  simple  and  inelastic
measuring  tape,  1.5  m  long  with  a  1-mm  interval,  with  the
individuals  standing  with  arms  away  from  the  trunk  and  dur-
ing  expiration.  All  measurements  followed  the  procedures
standardized  by  the  WHO.15,16
When  assessing  segmental  body  composition,  the  Tanita
Ironman® (BC-553  model,  Tanita®,  UK)  vertical  segmental
tetrapolar  bioimpedance  device  was  used,  according  to  the
protocols  established  in  its  manual.  The  following  variables
were  obtained  with  this  assessment:  total  body  fat  per-
centage,  segmental  fat  percentage  of  the  right/left  arm,
trunk  fat  percentage,  and  segmental  fat  percentage  of  the
right/left  leg.
Reference  method
To  deﬁne  excess  body  fat,  horizontal  tetrapolar
bioimpedance  was  used  as  the  reference  method,  having
demonstrated  high  correlation  coefﬁcients  when  com-
pared  to  the  gold  standard,  dual  X-ray  absorptiometry
(DEXA).11,12,17--19 The  technique  used  as  reference  in  this
c
h
c553
tudy  is  generally  preferred  for  use  in  population  studies,
s  it  is  a  non-invasive,  portable,  quickly-applied,  and  rela-
ively  low-cost  technique.  Additionally,  it  does  not  require
raining,  with  minimal  intra-  and  inter-rater  variations.
The  resistance  and  reactance  values  were  provided  by
iodynamics® (model  450,  Biodynamics®,  WA,  USA)  and  the
at  percentage  was  calculated  using  the  predictive  equation
f  Chumlea  et  al.20 All  subjects  were  assessed  in  the  supine
osition  on  a  nonconductive  horizontal  surface,  according  to
he  protocols  included  in  the  equipment  manual.  While  the
roximal  electrodes  were  placed  on  the  dorsal  surface  of  the
rist  joint  (aligned  to  the  head  of  the  ulna  and  the  dorsal
urface  of  the  ankle),  the  distal  electrodes  were  placed  at
he  base  of  the  second  or  third  metacarpal  phalangeal-joint
f  the  hand  and  metatarsal-phalangeal  joint  of  the  foot.
Excess  body  fat  was  considered  for  girls  and  boys  with  fat
ass  >  30%  and  25%,  respectively.21,22
thical  aspects
he  project  was  approved  by  the  Ethics  Committee  of  Uni-
ersidade  Federal  de  Juiz  de  Fora  (edict  09/2010).
The  parents/guardians  and  principals  of  schools  selected
or  data  collection  signed  the  informed  consent  after  receiv-
ng  instructions  about  the  research  objectives,  the  protocol,
nd  the  procedures.
tatistical  analysis
he  descriptive  analysis  was  stratiﬁed  by  gender  and
tudent’s  t-test  was  used  to  investigate  the  differences
etween  the  mean  values  of  the  collected  data.  Pearson’s
orrelation  was  used  to  assess  the  associations  of  the  results
f  the  vertical  segmental  tetrapolar  bioimpedance  test  with
he  reference  method.
To  determine  the  accuracy  of  the  equipment  being
ested,  the  sensitivity  and  speciﬁcity  of  each  point  of
he  different  possible  body  fat  measurements  were  calcu-
ated.  Receiver  operator  characteristic  curves  (ROC)  were
onstructed,  which  were  then  compared  by  McNemar’s  chi-
quared  test.
The  assessed  variables  were  analyzed  using  SPSS  version
7.0  (SPSS  Inc.  SPSS  Statistics  for  Windows,  IL,  USA),  using
 signiﬁcance  level  of  5%  (p  <  0.05).
esults
he  sample  consisted  of  411  students,  of  whom  53.7%
ere  girls  and  46.3%  boys,  with  a  mean  age  of  12.0  ±  1.3
ears.  Age  distribution  was  similar  between  the  genders
p  =  0.318).
Table  1  shows  the  anthropometric  characteristics  of  the
tudents  submitted  to  the  assessments,  considering  the
ean  value  of  each  measured  variable  and  its  respective
tandard  deviation.  It  was  veriﬁed  that  20%  and  12.5%  of
he  sample  had  overweight  and  obesity,  respectively.The  analysis  of  body  composition  data  showed  signiﬁ-
ant  differences  between  female  and  male  genders.  Girls
ad  higher  measures  for  the  following  parameters:  verti-
al  bipolar  body  fat  (p  <  0.001),  horizontal  tetrapolar  body
554  Neves  FS  et  al.
Table  1  Anthropometric  characteristics  of  adolescents.  Juiz  de  Fora,  MG,  Brazil.
Variables  Total  Girls  Boys  pb
na Mean  ±  SD  na Mean  ±  SD  na Mean  ±  SD
Age  (years)  441  12.05  ±  1.36  237  12.11  ±  1.34  204  11.98  ±  1.38  0.318
Height (cm)  441  153.85  ±  10.04  237  154.07  ±  8.99  204  153.60  ±  11.15  0.629
Weight (kg)  441  47.64  ±  13.13  237  48.46  ±  13.41  204  46.68  ±  12.77  0.158
Body mass  index  (kg/m2)  441  19.92  ±  4.12  237  20.25  ±  4.52  204  19.53  ±  3.58  0.070
Waist circumference  (cm) 436  67.21  ±  10.16  234  67.00  ±  10.38  202  67.45  ±  9.93  0.643
Vertical bipolar  fat  (%) 426  22.09  ±  8.92 230  25.36  ±  8.20  196  18.26  ±  8.20  <0.001
Tetrapolar horizontal  fat  (%) 441  23.90  ±  9.77 237  26.37  ±  10.21 204  21.03  ±  8.39  <0.001
TBF (%) 441  25.04  ±  7.37 237  28.53  ±  6.01 204  20.98  ±  6.72 <0.001
RASF (%)  439  34.62  ±  8.23  235  37.80  ±  7.79  204  30.96  ±  7.14  <0.001
LASF (%)  441  33.21  ±  7.46  237  35.78  ±  6.93  204  30.24  ±  6.95  <0.001
TSF (%)  438  12.70  ±  8.41  236  9.59  ±  8.33  202  16.33  ±  6.94  <0.001
RLSF (%)  441  30.65  ±  8.18  237  34.91  ±  6.45  204  25.69  ±  7.12  <0.001
LLSF (%)  441  30.65  ±  8.24  237  35.11  ±  6.34  204  25.13  ±  7.03  <0.001
TBF, total body fat; RASF, right arm segmental fat; LASF, fat segmental left arm; TSF, trunk segmental fat; RLSF, right leg segmental fat;
LLSF, left leg segmental fat.
a The sample differences are justiﬁed by the occurrence of losses.
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at  (p  <  0.001),  vertical  tetrapolar  body  fat  (p  <  0.001),
ight/left  arm  segmental  fat  (p  <  0.001),  and  right/left  leg
egmental  fat  (p  <  0.001).  Boys  showed  higher  means  for  the
easures  of  trunk  segmental  fat  (p  <  0.001).
Table  2  shows  the  correlations  of  segmental  body  fat
ercentage  with  the  other  anthropometric  variables.  Girls
howed  a  signiﬁcant  correlation  for  the  following  parame-
ers:  height,  weight,  body  mass  index,  waist  circumference,
ertical  bipolar  fat,  and  horizontal  tetrapolar  fat.  Among
oys,  signiﬁcant  correlations  were  found  for  the  following
arameters:  age,  weight,  body  mass  index,  waist  circum-
erence,  vertical  bipolar  fat,  and  horizontal  tetrapolar  fat.
irls  showed  no  signiﬁcant  correlations  for  any  of  the  body
egments  with  the  age  variable,  whereas  boys  showed  a
orrelation  for  some  of  the  body  segments  with  the  height
ariable.
Figs.  1  and  2  show  the  sensitivity,  speciﬁcity  and  ROC
urves  for  the  diagnosis  of  excess  weight  in  the  assessed
dolescents.  The  charts  of  body  segment  measures  were
eﬂected  in  the  high  areas  under  the  curve,  in  addition  to
igh  sensitivity  and  speciﬁcity.
Among  the  girls,  the  method  with  the  highest  sensitiv-
ty  (92.3%  CI:  84.8%  to  96.8%)  was  the  measurement  of  the
eft  leg  segmental  fat  percentage,  while  the  right  arm  seg-
ental  fat  measurement  showed  the  best  speciﬁcity  (94.3%
I:  89.0%  to  97.5%).  The  lowest  area  under  the  ROC  curve
0.83;  CI:  0.77  to  0.87)  and  the  lowest  sensitivity  (68.1%
I:  57.5%  to  77.5%)  were  observed  for  trunk  segmental  fat
easurement.
Among  boys,  the  method  with  the  highest  sensitiv-
ty  (93.5%  CI:  84.3--98.2%)  was  the  measure  of  segmental
at  percentage  of  the  right  arm,  whereas  the  assessment
f  left  leg  segmental  fat  percentage  showed  the  best
peciﬁcity  (97.0%  CI:  92.5--99.2%).  Although  it  was  not  char-
cterized  with  low  values  when  compared  to  the  other
ssessed  parameters,  the  lowest  area  under  the  ROC  curve
0.92;  CI:  0.88--0.95)  and  the  lowest  sensitivity  (90.3%;  CI:
m
l
d0.1--96.3%)  were  also  observed  for  the  measurement  of
egmental  body  fat.
iscussion
stablishing  a  universal  anthropometric  criterion  to  assess
xcess  weight  in  adolescents  is  more  complex  than  for  other
ge  groups,  as  the  variations  in  body  composition  during  the
rowth  and  development  process  make  the  analysis  method-
logy  more  difﬁcult  and  can  impair  result  reliability.5,6,9,10,13
The  nutritional  status  of  adolescents  analyzed  in  this
tudy  followed  the  trend  indicated  by  the  Household  Budget
urvey  from  2008  to  2009,14 with  a  more  relevant  prevalence
f  overweight  and  obesity.  The  percentage  of  overweight
tudents  (20%)  was  slightly  lower  than  the  national  average
23.9%)  seen  in  the  age  group  of  10--15  years.  However,  the
etected  obesity  cases  (12.5%)  considerably  exceeded  the
ate  reported  by  the  Household  Budget  Survey  for  the  same
ge  group  (6%).
Puberty  is  the  main  determinant  of  physical  changes,
hich  are  characterized  by  increase  in  weight,  protein-
omatic  tissue,  and  bone  mineral  mass,  both  in  girls  and
oys.23,24 However,  the  increase  in  body  fat  is  generally
igher  among  women,  while  lean  mass  gain  is  higher  in
ales.13--18 The  results  of  this  study  conﬁrm  this  biological
bservation,  as  the  girls  had  higher  body  fat  values  obtained
hrough  the  vertical  bipolar,  horizontal  tetrapolar,  vertical
etrapolar,  and  arm  and  leg  segmental  techniques.  Comple-
enting  this  conception,  some  negative  correlations  were
ound  in  boys,  which  are  properly  interpreted  in  opposite
irections:  the  older  the  age,  the  lower  the  percentage  of
otal  body  fat,  segmental  fat  of  the  right/left  arms,  and  seg-
ental  fat  of  the  right/left  legs;  the  greater  the  height,  the
ower  the  segmental  fat  percentage  of  the  left  arm.
It  is  worth  noting  that  the  body  mass  index,  although
emonstrating  a good  correlation  with  measures  of  adiposity
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Table  2  Correlation  between  segmental  body  fat  percentage  and  anthropometric  variables  of  adolescents.  Juiz  de  Fora,  MG,  Brazil.
Variables TBF  RASF  LASF  TSF  RLSF  LLSF
na rb p-value na rb p-value na rb p-value na rb p-value na rb p-value na rb p-value
Age
Girls  237  0.04 0.544 235  −0.54 0.411 237  −0.10 0.121 236  −0.02 0.722 237  0.02 0.703 237  0.02 0.777
Boys 204  −0.23 0.001 204  −0.35 <0.001 204  −0.39 <0.001 202  −0.16 0.021 204  −0.31 <0.001 204  −0.31 <0.001
Height
Girls 237  0.12 0.061 237  0.18 0.005 237  0.18 0.006 236  0.19 0.004 237  0.17 0.009 237  0.16 0.016
Boys 204  −0.03 0.707 204  −0.17 0.017 204  −0.24 <0.001 202  <0.01 0.970 204  −0.10 0.161 204  -0.10 0.165
Weight
Girls 237  0.74 <0.001 235  0.69 <0.001 237  0.67  <0.001  236  0.60  <0.001  237  0.77  <0.001  237  0.72  <0.001
Boys 204  0.49 <0.001 204  0.33 <0.001 204  0.18  <0.001  202  0.45  <0.001  204  0.46  <0.001  204  0.45  <0.001
Body mass
index
Girls  237  0.84 <0.001 237  0.76 <0.001 237  0.74  <0.001  236  0.65  <0.001  235  0.86  <0.001  237  0.82  <0.001
Boys 204  0.77 <0.001 204  0.64 <0.001 204  0.49 <0.001 202  0.67 <0.001 204  0.78  <0.001  204  0.77  <0.001
Waist
circumference
Girls 234  0.77 <0.001 232  0.69 <0.001 234  0.70 <0.001 233  0.60  <0.001  234  0.80  <0.001  234  0.77  <0.001
Boys 202  0.68 <0.001 202  0.56 <0.001 202  0.44 <0.001 200  0.59 <0.001 202  0.69  <0.001  202  0.69  <0.001
Vertical bipolar
fat
Girls  230  0.85 <0.001 228  0.79 <0.001 230  0.77 <0.001 229  0.62  <0.001  230  0.91  <0.001  230  0.88  <0.001
Boys 196  0.92 <0.001 196  0.87 <0.001 196  0.77 <0.001 194  0.78 <0.001  196  0.97  <0.001  196  0.97  <0.001
Horizontal
tetrapolar fat
Girls  237  076  <0.001 235  0.71 <0.001 237  0.69 <0.001 236  0.55  <0.001  237  0.81  <0.001  237  0.78  <0.001
Boys 204  0.81 <0.001 204  0.76 <0.001 204  0.68 <0.001 202  0.71  <0.001  204  0.83  <0.001  204  0.83  <0.001
TBF, total body fat; RASF, right arm segmental fat; LASF, left arm segmental fat; TSF, trunk segmental fat; RLSF, right leg segmental fat; LLSF, left leg segmental fat.
a The sample differences are justiﬁed by the occurrence of losses.
b Pearson’s correlation coefﬁcient.
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Figure  1  Sensitivity  and  speciﬁcity  analysis  obtained  through  the  ROC  curves  for  the  diagnosis  of  excess  weight  in  girls.  Juiz  de
Fora, MG,  Brazil.
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Figure  2  Sensitivity  and  speciﬁcity  analysis  obtained  through  the  ROC  curves  for  the  diagnosis  of  excess  weight  in  boys.  Juiz  de
Fora, MG,  Brazil.
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158  
n  adolescents,  does  not  adequately  reﬂect  these  variations
n  body  composition  that  occur  in  this  age  group,  which  are
ifferent  between  the  genders.8,25--27 This  fact  conﬁrms  the
mportance  of  searching  for  new  methods  that  are  capa-
le  of  predicting  excess  fat,  even  in  individuals  with  normal
eight.
Validations  of  vertical  bioimpedance  models  have  been
ade  in  comparison  with  tests  that  estimate  body  density,
uch  as  hydrodensitometry  and  DEXA.11,12,17 These  methods
re  seen  as  the  most  appropriate  and  are  considered  as  the
old  standard.  However,  given  the  economic  infeasibility
f  employing  these  techniques  in  population  studies,  hor-
zontal  tetrapolar  electrical  bioimpedance,  which  has  been
ested  and  validated  in  adolescents,  it  is  now  considered  an
ccessible  reference.11--13
The  use  of  the  leg--leg  method  (vertical  bipolar
ioimpedance)  has  become  common  in  clinical  and  epidemi-
logical  investigations.11,12 This  system,  in  studies  with  adult
ndividuals,  has  shown  a  performance  similar  to  traditional
eg-arm  devices  (tetrapolar  vertical  bioimpedance),  but  has
een  criticized  when  used  in  adolescents.24 However,  its
isadvantages  are  limited  to  individual  estimates,  and  it
s  well-accepted  for  body  composition  assessment  in  large
roups.13,17
There  are  no  reports  in  the  literature  that  have  validated,
peciﬁcally,  the  use  of  models  with  segmental  tetrapolar
nalysis.  Moreover,  none  of  the  publications  that  reported
he  use  of  these  devices  analyzed  the  correlation  of  seg-
ental  body  fat  with  other  variables,  whether  they  were
nthropometric,  clinical,  or  biochemical,  which  limits  data
omparison.  For  these  reasons,  the  present  results  could
e  compared  only  with  studies  that  authenticated  different
ioimpedance  equipment.
The  signiﬁcant  correlations  observed  between  the  per-
entage  of  fat  in  each  body  segment  and  the  measurements
btained  through  the  vertical  bipolar  and  horizontal  tetrap-
lar  bioimpedance  reinforce  the  usefulness  of  the  BC-558
evice.
The  areas  under  the  ROC  curves  were  also  signiﬁcant
nd  ranged  between  body  segments,  from  0.83  to  0.95  for
irls  and  from  0.92  to  0.98  for  boys,  suggesting  a  slightly
etter  performance  for  the  male  gender.  Higher  results
f  areas  under  the  curve  were  also  found  by  different
uthors  when  testing  the  efﬁciency  of  other  equipment  with
dolescents.13,28--30
In  general,  considering  the  analysis  of  sensitivity  and
peciﬁcity  in  girls  and  boys,  the  percentage  of  total  fat  was
dentiﬁed  as  the  most  effective  criterion  for  the  detection
f  excess  weight  in  adolescents,  while  trunk  segmental  fat
as  an  indicator  of  lower  accuracy.
It  is  noteworthy  that  new  approaches  to  the  analysis  of
ody  composition  open  broad  prospects  in  the  assessment,
onitoring,  and  determination  of  interventions  at  the  phys-
cal  and  nutritional  level.6,10,18 However,  whenever  methods
ot  considered  to  be  the  gold  standard  are  used,  the  possible
ccurrence  of  errors  must  be  considered.  Moreover,  regard-
ess  of  the  reliability  of  the  results  obtained,  the  expansion
f  anthropometric  proﬁle  monitoring  does  not  invalidate  the
mportance  of  prevention  strategies.
This  research  allowed  us  to  conclude  that  the  vertical
egmented  tetrapolar  bioimpedance  device  behaved  satis-
actorily  in  predicting  excess  weight,  as  its  comparison  with
1Neves  FS  et  al.
orizontal  tetrapolar  bioimpedance  resulted  in  a  relatively
mall  difference  in  accuracy.
It  is  expected,  above  all,  that  this  new  equipment  will
ccurately  identify  changes  in  body  composition  of  adoles-
ents  at  an  early  stage  and  that  it  may  therefore  constitute  a
ore  effective  and  less  costly  primary  health  care  strategy.
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